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19. Recommended Design for Earth Foundations. As mentioned before,
many combinations of appurtenances for foundation protection have been
used, consisting of one or more upstream cutoffs, upstream aprons or blankets,
downstream aprons, one or more lines of downstream sheet piling, and drains
of various kinds at various places. An indication of the extreme variance in
design is shown by examples of foundation treatment for over 150 dams on
earth, contained in Ref. 5 of Art. 40. This reference contains also an excellent
bibliography.

So much depends upon the conditions at the site that no general standard is
in use. However, Fig. 13 may be used as a basis, variations from which must
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FIG. 13.    Diagrammatic example.

be made to suit local conditions. It consists of an upstream apron, a blanket
with niter, described later, an upstream cutoff, a main filter drain, a down-
stream apron, underneath which is a filter drain, and a downstream row of
sheet piling. The downstream row of sheet piling is used to prevent damage in
case the riprap washes out and to reduce the velocity of residual seepage.

Several cutoffs were used at the Imperial Dam (Fig. 4). However, the writer
has found that a single cutoff at the upper end of the upstream apron has
proved sufficiently effective with, in other cases, an auxiliary cutoff at the up-
stream end of the base of the dam to reduce slightly more the uplift on the
dam and to serve as a safeguard in case of failure of the apron. The best
arrangement can be obtained only with a flow net from an analogy test.

A filter drain was located at the downstream toe of the dam. It was proba-
bly proved by model tests to be adequate, since no filter drains are located
under the apron. The weighted creep ratio is 8.0 for a sand foundation.
Many safe dams, under similar conditions, have been built with much lower
ratios.

The Granite Reef Dam (Fig. 6) rests on a foundation of gravel and boulders.
The weighted creep ratio when the dam was first built was 2.8, and no piping
occurred. However, when the dam was first used, considerable water passed
under the cutoff and out through the drains on the apron. This explains the
necessity for increasing the weighted creep ratios of Table 3 if necessary to